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PREFACE 

This  f i n a l  report  was prepared by 

NORTHROP SPACE LABORATORIES 

for t h e  National  Aeronautics and Space 

Administration under Contract NAS 7-277, 

TECHNOLOGY UTILIZATION REVIEW & ANALYSIS. 

The report  c o n s i s t s  of t h r e e  volumes as 

follows : 

. Volume I 

. Volume I1 

. Volume T I 1  - Appendices 
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SECTION 1 

INTRODUCTION 

This  f i n a l  r e p o r t  covers  t h e  per iod from 28 February 1964 through 

31 August 1964 and is  t h e  s i x t h  and f i n a l  r e p o r t  o f  t h e  progress  

r e p o r t  serjes prepared by t h e  Northrop Space Labora tor ies  under NASA 

Cont rac t  No. NAS 7-277. 

The o b j e c t i v e s  of t h e  con t r ac t  included t h e  fol lowing fou r  tasks :  

1.1 TASK 1. 

To determine what new technology h a s  been developed by the  Ranger 

Block I11 program and t o  what e x t e n t  these t echno log ica l  advances may 

be  of  use  t o  the  s c i e n t i f i c  and i n d u s t r i a l  cummunities; 

1.2 TASK 2 .  

To ana lyze  s i m i l a r l y ,  engineer ing  and t e c h n i c a l  r e p o r t s  s e l e c t e d  

by t h e  NASA Contract ing O f f i c e r  from r e p o r t s  submit ted t o  t h e  NASA 

Western Operat ions Of f i ce ,  Jet Propuls ion Laboratory,  and NASA Head- 

q u a r t e r s  ; 

1.3 TASK 3. 

To prepare  F lash  Sheets  disseminat ing information on invent ion  

d i s c l o s u r e s  a l r eady  on f i l e  a t  t h e  Western Operat ions Office dur ing  t h e  

c o n t r a c t  and on o t h e r  t echn ica l  innovations i d e n t i f i e d  by a n a l y s i s  of  

r e p o r t s .  This  w i l l  inc lude  eva lua t ion  of  t h e s e  i t e m s  and t h e  p repa r -  

a t i o n  of recommendations regard ing  a p p l i c a t i o n s  of new technology t o  

t h e  s c i e n t i f i c  and i n d u s t r i a l  communities; and 

1- 1 
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1.4 TASK 4. 

To determine t h e  most meaningful and promising t echn ica l  inno- 

v a t i o n s  r e s u l t i n g  from t h e  space program and t h e  b e s t  methods of p re -  

s e n t i n g  t h e s e  s u b j e c t s  i n  Technology U t i l i z a t i o n  Workshops. 
1.5 Cont rac t  Ac t iva t ion  

To perform t h e  Task 2 ,  3 and 4 work under t h i s  c o n t r a c t ,  Northrop 

Space Labora tor ies  have provided personnel t o  work c l o s e l y  wi th  NASA 

o f f i c i a l s  i n  Washington, D.C., and i n  Santa Monica, C a l i f o r n i a .  By 

having NSL personnel  i n  c l o s e  a s soc ia t ion  with those  NASA personnel  who 

provide  t h e  r e p o r t s ,  invent ion  d i s c l o s u r e s ,  and o t h e r  m a t e r i a l  f o r  

a n a l y s i s  and who rece ive  the  r e s u l t s  of NSL i n v e s t i g a t i o n s ,  t he  flow 

of information w a s  expedi ted and t h e  e f f ec t iveness  of t h e  program en- 

hanced. Northrop had a s i x  man team a t  Santa  Monica, f o r  WOO documents 

review, a t h r e e  man t e a m  i n  Santa Monica f o r  JPL documents review. and 

one man i n  Washington. 

This  r e p o r t  d e t a i l s  t he  work performed on t h e  v a r i o u s  t a s k s  l i s t e d  

above, and desc r ibes  o t h e r  s i g n i f i c a n t  events  o r  accomplishments con- 

s ide red  t o  be of i n t e r e s t  t o  NASA. The methodologies employed by NSL 

i n  t h e  Technology U t i l i z a t i o n  review of NASA techn ica l  documentation 

a r e  descr ibed,  followed by a d iscuss ion  on some Technology U t i l i z a t i o n  

phi losophies  and concepts  developed by NSL i n  the  performance of  re- 

qu i r ed  t a s k s .  Conclusions and recommendations a r e  o f f e r e d .  

1-2 
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I 

SECTION 2 

GENERAL 

2 .1  Contrac t  S t a t u s  

The le t ter  c o n t r a c t  dated February 28, 1964, p e r m i t t i n g  work on 

c o n t r a c t  NAS 7-277 was received by Northrop Space Labora tor ies  and w a s  

signed and accepted on 4 March 1964. 

The NSL personnel  ass igned t o  support  t h e  Western Operations 

Off ice  on Tasks 2 , 3 ,  and 4 ,  began work i n  space borrowed from t h a t  

o f f i c e  and on 25 March 1964 moved t o  rented q u a r t e r s  i n  t h e  v i c i n i t y  

of t h e  Western Operat ions O f f i c e  i n  Santa Monica. 

On 16 March 1964, NSL arranged a meeting with M r .  John Warden, 

t h e  NASA-JPL Residency p a t e n t  counsel ,  t o  dec ide  on t h e  p h y s i c a l  l o -  

c a t i o n  o f  t h e  NSL personnel  ass igned  t o  review r e p o r t s  r e s u l t i n g  from 

JPL subcont rac ts .  A t  t h i s  meeting which took p l a c e  on 19 March 1964, 

t h e  NASA-JPL Residency w a s  represented by M r .  John Warden 

was represented  by D r .  Brenneman and Messrs. Grifka and Benjamin. 

A s  a r e s u l t  a d e c i s i o n  w a s  reached t o  p l a c e  t h e  personnel  performing 

JPL r e p o r t  review a t  t h e  NSL-Santa Monica f a c i l i t y .  

and NASA-WOO 

The Program P lan ,  NSL Report 64-107 (March 1964), i n i t i a l l y  sub- 

mi t ted  on 16  March, was  l a te r  r e v i s e d  t o  re f lec t  program changes re- 

s u l t i n g  f r o m  t h e  v a r i o u s  n e g o t i a t i o n s  and was  r e - i s s u e d  as a n  "A" re- 

v i s i o n  on 26 March 1964 and w i t h  a "B" r e v i s i o n  da ted  15 A p r i l  1964. 

On 16  A p r i l  1964, NASA approved t h e  revised Program P l a n  and a n  executed 

c o n t r a c t  dated 20 A p r i l  1964 w a s  subsequently rece ived  f r o m  NASA. 

The Program P lan ,  NSL Report 64-107 (March 1964), w a s  r e v i s e d  t o  

re f lec t  a program change t o  provide fo r  extended Task 4 f u n c t i o n s  and 

was r e i s s u e d  a s  a 'IC" r e v i s i o n  da ted  28 May 1964. Task 4 w a s  modified 

2-1 
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by t h i s  r e v i s i o n  t o  provide f o r  NSL attendance and monitoring of t he  

NASA-UCIA Symposium and Workshop on the Transformation of Knowledge and 

i ts  U t i l i z a t i o n .  Add i t iona l ly ,  NSL was requi red  t o  eva lua te  t h e  e f -  

f ec t iveness  of t h e  Symposium and present  recommendations i n  a supple- 

ment t o  t h e  Task 4 r e p o r t  "Technology U t i l i z a t i o n  Workshops Study" NSL 
64-125, da ted  A p r i l  1964 (See Appendix C).  

IE response t o  a reques t  by t h e  Ccn t ra t t i ng  O f f i c e r ' s  Representa- 

t ive ,  Mordy A. Benjamin, a c t i o n  was taken t o  f u l f i l l  t h e  requirements 

f o r  handl ing c l a s s i f i e d  documents a t  the NSL-Santa Monica F a c i l i t y .  

The F a c i l i t y  was surveyed by Gerald C .  Gart land of t h e  NSL SeCurity 

Group and t h e  USAF S e c u r i t y  Representat ive,  R. W. Culp,  WCMR, prepara-  

t o r y  t o  g ran t ing  a F a c i l i t y  Secur i ty  Clearance. 

ed by memo 438-357 from the  Secur i ty  Group dated 18 June 1964, which 

e s t a b l i s h e d  t h e  necessary c learance  t o  t h e  Secre t  l e v e l  e f f e c t i v e  

22 June 1964. A s e c u r i t y  inspec t ion  of t h e  NSL Santa Monica f a c i l i t y  

was subsequent ly  conducted by t h e  NSL s e c u r i t y  o f f i c e r  accompanied by 

a U.S. A i r  Force s e c u r i t y  r ep resen ta t ive .  C l a s s i f i e d  f i l e s ,  l ogs ,  and 

procedures  w e r e  reviewed. 

This  a c t i o n  was follow- 

No d iscrepancies  were noted. 

NSL l e t t e r  414-64-2002 covering a proposed amendment to  t h e  con- 

t r a c t  was submitted t o  NASA r ep resen ta t ives  W.  Grifka and D. Su l l i van  

by D. Vivrette and R. Craigo on 31 Ju ly  1964. Enclosures  t o  the  l e t t e r  

included a proposed work statement and c o s t  d e t a i l s .  

cuss ions  between NASA and NSL r ep resen ta t ives  r e l a t i v e  t o  t h e  c o n t r a c t  

amendment, formal proposa ls  were t ransmi t ted  t o  NASA-WOO on 20 August, 

1964. (NSL L e t t e r  414-64-2213.) 

Following d i s -  

Five monthly progress  r e p o r t s  covering t h e  NSL Technology U t i l i -  

z a t ion  a c t i v i t i e s  were prepared and submitted on schedule  i n  accord- 

ance wi th  Articles N and V of t he  con t r ac t .  

2 -2 I 
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2.2 Program A c t i v i t y  Review 

James T.  Dennison, NASA Spec ia l  Ass i s t an t  f o r  Technology U t i l i z a t i o n ,  

v i s i t e d  t h e  NSL-Santa Monica f a c i l i t i e s  on 23 A p r i l  1964 t o  review t h e  

activit ies of  t h e  Technology U t i l i z a t i o n  t e a m s  ope ra t ing  i n  t h a t  lo-  

c a t i o n .  

w e r e  d i scussed .  Mr. Dennison spoke t o  a n  assembly of t h e  personnel  

loca ted  i n  Santa Monica and revtewed t h e  o b j e c t i v e s  of t h e  Technology 

U t i l i z a t i o n  Program toge ther  with t h e  va r ious  programs ope ra t ing  i n  

r e sea rch  i n s t i t u t e s  and i n d u s t r i a l  o rganiza t ions .  

The program h i s t o r y  t o  d a t e  toge ther  wi th  va r ious  problem areas 

Following t h i s ,  M r .  Dennison reviewed t h e  a c t i v i t i e s  ou tput  of 

i nd iv idua l  members of t h e  program teams. On 2 4  A p r i l  1964, t h e  Task 1 

t e a m  a c t i v i t i e s  a t  NSL-Hawthorne were s i m i l a r l y  reviewed. 

A p r e s e n t a t i o n  was made t o  NASA r e p r e s e n t a t i v e s  on 28 J u l y  1964 

NASA f o r  t h e  purpose of reviewing NSL con t rac t  performance t o  da te .  

a t t e n d e e s  included J. T. Dennison, Louis B. C. Fong, Frank Godsey, C l i f f  

D i l l o n ,  John Warden, W. Gr i fka ,  and Dr .  R. Brenneman. 

An overall program summary including p r o j e c t  s t a t u s  was f i r s t  p re -  

This  w a s  followed by a more d e t a i l e d  r e p o r t  by t h e  v a r i o u s  sen ted .  

team c a p t a i n s  f o r  each of  t h e  fou r  con t r ac t  t a sks .  The p r e s e n t a t i o n  

was  then  completed by a d i scuss ion  o f  the  NSL phi losophies  and concepts  

r ega rd ing  improved techniques f o r  implementing t h e  Techology 

z a t i o n  Program. 

experience and knowledge gained during t h e  c u r r e n t  c o n t r a c t  e f f o r t .  

U t i l i -  

These concepts  were developed by NSL as a r e s u l t  o f  t h e  

2.3 Spec ia l  Evaluat ions 

In  response t o  r eques t s  by t h e  Washington m e m b e r  of t h e  NSL 

Technology U t i l i z a t i o n  team, n ine teen  (19) F lash  Shee ts  w e r e  eva lua ted ,  

and recommendations f o r  f u t u r e  a c t i o n  on each of t h e  Flash Shee ts  were 

re tu rned  t o  Washington. The material processed included Flash  Shee t s  

from Goddard Space F l i g h t  Center ,  Marshall  Space F l i g h t  Center ,  Manned 

Spacecraf t  Center  and t h e  Jet  Propuls ion Laboratory.  I n  a d d i t i o n ,  

2-3 
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a n  a n a l y s i s  of a Shaf t  Angle Encoder innovation w a s  completed and t h e  

r e s u l t s  re turned  t o  Washington. Additional m a t e r i a l  rece ived  from 

Washington was reviewed and re turned  with w r i t t e n  comments on p o t e n t i a l  

commercial a p p l i c a t i o n s .  

To support  a s p e c i a l  p r o j e c t  i n  Washington, a conference was  held 

with r e p r e s e n t a t i v e s  of JPL t o  acqui re  information concerning a JPL 

innovat ion f o r  inc luding  e thylene  oxide in polymeric ma te r i a l  t n  achieve 

s t e r i l i z a t i o n .  The da ta  obtained during t h i s  meeting was forwarded t o  

Washington along wi th  information on Armstrong s e l f - s a n i t i z i n g  c e i l i n g  

ma te r i a l .  The Armstrong product is a r e l a t e d  type of a p p l i c a t i o n  qf 

t h e  concept.  

A t  t h e  reques t  of t h e  NASA-WOO Technology U t i l i z a t i o n  O f f i c e r ,  

d r a f t  copies  of t he  proceedings covering t h e  2 June  1964 NASA/UCIA 

Technology U t i l i z a t i o n  Symposium were reviewed under t h e  p rov i s ions  of 

Task 2 of t h e  con t r ac t .  

and submitted t o  NASA on 14 August 1964. 

NSL r e p o r t s  covering t h e  reviews w e r e  prepared 

2-4 
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SECTION 3 

PROGRAM ACTJTITY AND PROGRESS 

3.1 TASK 1. RANGER BLOCK 111 STUDY 

The Ranger Block I11 Spacecraf t  System has been reviewed and ana- 

lyzed t o  provide a comprehensive repor t  on the  ex ten t  and depth t o  

which va r ious  technologies  have been appl ied .  I n  a d d i t i o n  t o  t e c h n i c a l  

review of t h e  func t iona l  equipment and d e t a i l  elements comprising t h e  

Ranger Block I11 System, t h e  s tudy included i d e n t i f i c a t i o n  and a n a l y s i s  

of s i g n i f i c a n t  func t iona l  concepts and procedures .  For purposes of 

d e f i n i t i o n  i n  t h i s  program; func t iona l  equipment included t h e  space- 

c r a f t  hardware assemblies  and subassemblies;  func t iona l  elements 

covered the  types of component p a r t s  making up t h e  subassemblies;  and 

func t iona l  concepts  considered such f a c t o r s  a s  t h e  va r ious  ope ra t iona l  

requirements of t he  Ranger mission,  t h e  t echn ica l  reasons  f o r  i nc lus ion  

of s p e c i f i c  items of equipment, and func t iona l  i n t e r r e l a t i o n s  between 

va r ious  equipment o r  systems. The procedures covered i n  the  r e v i e w ,  

o r i g i n a t e  p r imar i ly  i n  f a b r i c a t i o n ,  checkout, and t e s t i n g  opera t ions .  

The fol lowing Ranger I11 Subsystem technology reviews w e r e  

accomplished : 

Televis ion  Payload Subsystem 

S t r u c t u r a l  Subsystem and Mechanical Devices 

Temperature Control  Subsystem 

Communications Subsystem 

Command Subsystem 

E l e c t r i c a l  Power Subsystem 
! 

I 
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Cent ra l  Computer and  Sequencer Subsystem 

Data Encoder Sybsystem and Transducers 

A t t i t u d e  Control Subsystem 

Pyrotechnics  Subsystem 

Cabling Subsystem 

Midcourse Propuls ion Subsystem 

The subsystem technology reviews were summarized by p repa ra t ion  of 

ana lyses  texts and development s t a t u s  mat r ices  f o r  t h e  i d e n t i f i e d  

func t iona l  concepts ,  subsystem funct iona l  equipment and elements , and 

procedures.  Ranger Block 111 Analysis m a t e r i a l  is in t eg ra t ed  i n t o  

Volume I1 of t h i s  F i n a l  Report. 

A s  t h e  second major ob jec t ive  of t he  Ranger Study, t h e  subsystem 

review has included i d e n t i f i c a t i o n  of Ranger technology items which 

could have p o t e n t i a l  a p p l i c a t i o n  i n  s c i e n t i f i c  and i n d u s t r i a l  f i e l d s .  

During t h e  course of t he  review a c t i v i t y ,  a t o t a l  of 29 p o t e n t i a l  

a p p l i c a t i o n  i t e m s  w e r e  i d e n t i f i e d .  These include s e v e r a l  e l e c t r o n i c  

and servo-sensor  subassemblies,  and e l e c t r o n i c  func t iona l  elements and 

c i r c u i t  techniques.  Also included were func t iona l  concepts  a s soc ia t ed  

with the  Ranger TV payload, communications, a t t i t u d e  c o n t r o l ,  and 

e l e c t r i c a l  power c o n t r o l l i n g  equipment 

employed i n  eva lua t ing  the  func t iona l  i n t e g r i t y  of t h e  spacec ra f t  

systems.  During the  c o n t r a c t  p e r i o d ,  a l l  of t he  p o t e n t i a l  items 

i d e n t i f i e d  were analyzed i n  d e t a i l  and were presented  f o r  f u l l  i n d u s t r i -  

a l  a p p l i c a t i o n  cormi t tee  eva lua t ion .  

and s i g n i f i c a n t  test  procedures 

A t o t a l  of e i g h t  a p p l i c a t i o n  i t e m s  rece ived  s p e c i f i c  a p p l i c a t i o n  

recommendations a f t e r  having undergone f i n a l  a n a l y s i s  and comatittee 

eva lua t ion .  

recommendations, i n  t he  format of t h e  NASA Tech B r i e f ,  a r e  submitted 

t o  NASA a s  p a r t  of t he  F ina l  Report ,  Volume 11. 

Descr ip t ions  of t he  items r ece iv ing  s p e c i f i c  a p p l i c a t i o n  
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3 . 2  TASK 2 .  TECmOMGY UTILIZATION REVIEW AND ANALYSIS 

Technics 1 Evaluat ion 

Technical  a n a l y s i s  of NASA Space Program documentation w a s  ac- 

complished by t e c h n i c a l l y  cognizant  Northrop personnel  ass igned t o  t h e  

Technology U t i l i z a t i o n  e f f o r t .  

home o rgan iza t ion  w a s  ob ta ined  as requi red .  

Consulting a s s i s t a n c e  from t h e  Northrop 

A w r i t t e n  review was 

€--- ' -5 .  U L L I I D L I € U  a xTACA L W L 1  0x1 each docunent =r r e l z t e d  series sf doccrnents analyzed 

by t h e  NSL Technology U t i l i z a t i o n  Team. 

e n t a i l e d  t h e  u s e  of a check and balance system wherein s e l e c t e d  r e p o r t s  

rece ived  m u l t i p l e  s c r u t i n y  by s p e c i a l i s t s ,  thereby minimizing t h e  

p o s s i b i l i t y  t h a t  an advance i n  technology would not be recognized. 

The process  of r e p o r t  review 

3 . 2 . 1  Applicat ions-Oriented Evaluat ion 

The TU Committee w a s  o r i en ted  toward a r e a s  of a p p l i c a t i o n .  The 

same persons who conducted t h e  o r i g i n a l  t e c h n i c a l  ana lyses  were, i n  

most cases, committee members and t h e r e f o r e  r e o r i e n t e d  t h e i r  t h ink ing  

a long  areas of  a l t e r n a t e  a p p l i c a t i o n  l i n e s  t o  t h e  t e c h n i c a l  a n a l y s i s .  

This process  formed a technology-appl icat ions matrix which permi t ted  

maximum p r o d u c t i v i t y  from a relatively small group. 

When a n  element of new technology w a s  i d e n t i f i e d ,  f u r t h e r  a n a l y s i s  

by t h e  committee was conducted toward the  primary o b j e c t i v e s  of t h e  

Technology U t i l i z a t i o n  Program, which is t h e  a p p l i c a t i o n  of new 

technology t o  American indus t ry .  

sub jec t ed  t o  a thorough imaginative a n a l y s i s  which occas iona l ly  in -  

c luded c o n s u l t a t i o n s  wi th  t h e  o t h e r  Northrop Corporat ion s p e c i a l i s t s ,  

o r i g i n a t i n g  agenc ie s ,  and s p e c i a l i s t s  i n  t h e  f i e l d .  

forum d i s c u s s i o n s ,  l i b r a r y  searches  for  r e l a t e d  technologies ,  and f o r  

s i m i l a r  or d u p l i c a t e  a p p l i c a t i o n s .  Where a p p r o p r i a t e ,  I n d u s t r i a l  

Appl ica t ions  F lash  Shee ts  (NASA Form 666) i n  d r a f t  form were prepared 

and submit ted t o  NASA. Where app l i cab le  t o  s p e c i f i c  i ndus t ry  needs,  

Each element of new technology w a s  

Included w e r e  
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recommendations w e r e  made f o r  t h e  p repa ra t ion ,  p u b l i c a t i o n  and d i s t r i -  

bu t ion  of Appl ica t ions  Notes, Technology Handbooks, and Manuals. 

A d e t a i l e d  d e s c r i p t i o n  of t he  NSL Technology U t i l i z a t i o n  Review 

and Analysis  process  i s  contained i n  Sec t ion  4 of t h i s  document. 

3.2.2 Review of Western Operat ions Off ice  Contract  Reports 

A t o t a l  of 452 r e p o r t s  o r  r e l a t e d  series of  r e p o r t s  w e r e  re- 

viewed, eva lua ted ,  and r e tu rned  t o  NASA dur ing  t h i s  c o n t r a c t  pe r iod ,  

t oge the r  wi th  summary r e p o r t s  f o r  each r e p o r t  reviewed. These completed 

r e p o r t s  contained a t o t a l  count of 35,010 pages. The review a c t i v i t y  

r e s u l t e d  i n  t h e  p repa ra t ion  of 23 Flash Shee ts  which have been t r a n s -  

mi t ted  t o  t h e  Cont rac t ing  O f f i c e r ' s  Representat ive.  

3 . 2 . 3  Review of JPL Cont rac t  Reports  

During t h e  c o n t r a c t  p e r i o d ,  t h e  review of 87 r e p o r t s  or r e l a t e d  

series of r e p o r t s  (a t o t a l  of 13,976 pages) w a s  completed and summary 

r e p o r t s  w e r e  w r i t t e n  on t h e  r e s u l t s  of t h e  review. For t h e s e  r e p o r t s ,  

14 F la sh  Shee ts  were prepared and submi t ted ,  a long  wi th  t h e  completed 

r e p o r t s ,  and summary r e p o r t s  t o  t h e  Cont rac t ing  O f f i c e r ' s  Representa- 

t ive . 
A t o t a l  of 539 WOO and JPL r epor t  groups w e r e  processed under 

Task 2 of  t h e  c o n t r a c t .  These r e p o r t s  included a t o t a l  of 48,987 pages.  

It should be noted t h a t  t h e  numbers of  r e p o r t s  c i t e d  above w e r e  

compiled from t r a n s m i t t a l  l ists  which f r equen t ly  noted a r e l a t e d  

series of r e p o r t s  a s  be ing  a s i n g l e  r epor t .  

series of  r e p o r t s  conta ined  up t o  four teen  ind iv idua l  volumes. The 

a c t u a l  number of i nd iv idua l  documents reviewed under t h e  p rov i s ions  of 

Task 2 ,  t h e r e f o r e ,  is cons iderably  higher  than  t h e  numbers taken  from 

the  t r a n s m i t t a l  l ists .  

Many of t h e s e  r e l a t e d  
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3 . 3  TASK 3 .  EVALUATION AND TRANSLATION OF DISCLOSURES 

The methodology used i n  t h e  ana lys i s  and review of Invent ion D i s -  

c l o s u r e s  by the  Technology U t i l i z a t i o n  Team were b a s i c a l l y  a two s t e p  

procedure s i m i l a r  t o  t h a t  descr ibed  for  Task 2 .  The major except ion 

is t h a t  a l l  invent ion  d i s c l o s u r e s  were subjec ted  t o  committee a c t i o n  

while  as  a genera l  r u l e ,  only the  Task 2 documentation i n  which new 

technology w a s  de t ec t ed  received committee a c t i o n .  

Each d i s c l o s u r e  w a s  analyzed by a s p e c i a l i s t  i n  t he  p a r t i c u l a r  

f i e l d  involved i n  the  innovat ion;  and, a de te rmina t ion  made as t o  its 

immediate commercial p o t e n t i a l  , public  b e n e f i t ,  o r  genera l  i ndus t ry  

advancement. 

i s t ,  i n  t u r n ,  w a s  reviewed by t h e  Technology U t i l i z a t i o n  Team, which 

a s  a group recommended t h e  f i n a l  course of a c t i o n  t o  be suggested t o  

NASA. A w r i t t e n  review which included a b r i e f  d i s c l o s u r e  summary, wi th  

recommendations a s  t o  technology u t i l i z a t i o n  a p p l i c a b i l i t y ,  was  

furn ished  t o  NASA on each d i s c l o s u r e  analyzed by t h e  Technology U t i l i -  

z a t ion  Team. 

The d i s c l o s u r e  and t h e  a c t i o n  recommended by t h e  s p e c i a l -  

Where appropr i a t e  , I n d u s t r i a l  Applicat ions F lash  Sheets  w e r e  

prepared i n  d r a f t  form and submitted to  NASA. 

During the  c o n t r a c t  pe r iod ,  t h e  review and eva lua t ion  has  covered 

a t o t a l  of 180 invent ion  d i s c l o s u r e s  f o r  which a t o t a l  of 23 Flash  

Sheets  w e r e  prepared and submitted.  

f o r  t he  NSL review of up t o  185 invent ion d i s c l o s u r e s ,  no backlog of 

Task 3 work e x i s t e d  on the  f i n a l  day of t h e  c o n t r a c t  per iod .  

Although t h e  c o n t r a c t  provided 

Appendix "A" of t h i s  document conta ins  a t a b u l a t i o n  of a l l  

I n d u s t r i a l  Appl ica t ion  F lash  Shee ts  prepared and submitted under t h e  

program. These d a t a  provide i d e n t i f i c a t i o n  of t h e  F lash  Sheet by 

t i t l e ,  by r e fe rence  t o  t h e  c o n t r a c t  source of t h e  o r i g i n a l  r e p o r t  or 

pa t en t  d i s c l o s u r e  m a t e r i a l ,  and by WOO ass igned  i d e n t i f i c a t i o n  number. 
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I n  a d d i t i o n ,  those  F lash  Shee ts  considered by NSL t o  be s i g n i g i c a n t  

innovat ions are discussed i n  some d e t a i l  i n  Sec t ion  5 ,  of t h i s  volume, 

Technology U t i l i z a t i o n  Program Resul ts .  

3.4 TASK 4. TECHNOLOGY WORKSHOP STUDIES 

During t h e  i n i t i a l  few weeks of program a c t i v i t y ,  emphasis w a s  

placed on t h e  accomplishment of  s tudy leading  t o  the  p repa ra t ion  of a 

r equ i r ed  r e p o r t .  

The Task 4 r e p o r t ,  "Technology U t i l i z a t i o n  Workshop Sub jec t s  Study," 

i d e n t i f i e d  as NSL 64-125, was completed and de l ive red  t o  NASA Western 

Operat ions Of f i ce  on 6 A p r i l  1964, as scheduled. NASA approved t h e  

r e p o r t  by le t te r  dated 28 A p r i l  1964. 

inc luding  t h e  approach used,  conclus ions ,  and recommendations is 

contained i n  Appendix B of t h i s  document. 

A major p o r t i o n  of the  r e p o r t ,  

I n  accordance wi th  t h e  negot ia ted  C r e v i s i o n  t o  t h e  Program 

P lan ,  both WOO and JPL Team members a t tended  t h e  NASA/UCLA Symposium 

and Workshop on t h e  "Transformation of Knowledge and Its Ut i l i za t ion ' '  

a t  UCIA on Tuesday, 2 June  1964. The Plenary  Sess ion  and t h e  i n d i -  

v idua l  workshops were monitored t o  review and eva lua te  t h e  e f f e c t i v e -  

ness  of t h e  symposium. 

An a n a l y s i s  of  t h e  NASAIUCLA Symposium w a s  submitted a s  Supple- 

ment I (NSL 64-125-1) of  t h e  o r i g i n a l  Task 4 r e p o r t  and de l ive red  t o  

NASA on 12 June 1964 as scheduled. The supplement i s  contained i n  

Appendix C of t h i s  document. 
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SECTION 4 

METHODOLOGY 

4.1 REVIEW PROCESS, TASKS 2 and 3 

The s p e c i f i c  procedure used i n  the Technology U t i l i z a t i o n  review 

of NASA documentation was b a s i c a l l y  a two s t e p  process  i n  which t h e  

r e p o r t  was t e c h n i c a l l y  reviewed by appropr ia te  i n d i v i d u a l s ,  

and then c a r e f u l l y  considered by a n  app l i ca t ions  o r i en ted  committee 

cha i red  by t h e  NASA-WOO Technology U t i l i z a t i o n  Of f i ce r .  

t h i s  r e v i e w  and a n a l y s i s  process ,  the  fol lowing procedure was  used: 

To accomplish 

Documents, as r ece ived ,  w e r e  inventor ied and logged. 

Documents were ca tegor ized  i n t o  one of s i x  b a s i c  technologica l  

a r e a s  : 

1 )  Bio-medical 

2 )  Ma te r i a l s  & Processes  

3 )  E l e c t r i c a l  and E lec t ron ic  Systems 

4 )  Mechanical Systems 

5 )  Systems Engineering and Management 

6 )  Manufacturing, Qua l i ty  Control & Re i a b i l i t y  Techniques 

Documents were reviewed by s p e c i a l i s t s  i n  each of t h e  above 

c a t e g o r i e s ,  c a l l i n g  upon a d d i t i o n a l  Northrop r e sources ,  where 

requi red .  

document o r  r e l a t e d  s e r i e s  of documents. 

Technical review and summary s h e e t s  w e r e  prepared on each 

The review shee t s  were screened for new technology i t e m s  r e q u i r i n g  

committee a c t i o n .  
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Document reviews r e q u i r i n g  committee a c t i o n  w e r e  placed on an  

agenda and scheduled f o r  a c t i o n .  

The committee analyzed each agenda i t e m  as t o  a r e a s  of a p p l i -  

c a b i l i t y ,  novel ty ,  p r o d u c i b i l i t y ,  e t c ,  and made recommendations f o r  

f u r t h e r  ac t ion .  

Re la t ive  t o  t h e  p repa ra t ion  of f l a s h  s h e e t s ,  it was f r equen t ly  

necessary  t o  ob ta in  a d d i t i o n a l  information i n  order  t o  e s t a b l i s h  t h e  

f e a s i b i l i t y  of concepts  o r  t o  c l a r i f y  c e r t a i n  a spec t s  of t he  new 

technology app l i ca t ion .  

through coord ina t ion  wi th  the  NASA-WOO Technology U t i l i z a t i o n  Of f i ce r  , 
t h e  Cont rac t ing  O f f i c e r ' s  Representat ive,  o r  t h e  NASA-WOO Patent  

Counsel. 

Technology U t i l i z a t i o n  Of f i ce r  wi th  r e p r e s e n t a t i v e s  from t h e  c o n t r a c t o r  

involved wi th  t h e  new technology and NSL Technology U t i l i z a t i o n  t e a m  

members. 

The required d a t a  were normally obtained 

On two occas ions ,  meetings w e r e  conducted by t h e  NASA-WOO 

Where considered appropr i a t e ,  I n d u s t r i a l  Appl ica t ions  F lash  Shee ts  

were prepared and f i n a l  recommendations w e r e  included on t h e  review 

shee t .  

A f i n a l  admin i s t r a t ive  review of each r e p o r t  package was accom- 

p l i shed  p r i o r  t o  t r a n s m i t t a l  of the m a t e r i a l  t o  NASA. 

Figure 1 graph ica l ly  dep ic t s  the f low of documentation through t h e  

review, a n a l y s i s ,  and r e p o r t i n g  process .  Northrop cons iders  t h a t  t h e  

procedure was  e f f e c t i v e ,  e s p e c i a l l y  from the  fol lowing p o i n t s  of v i e w :  

a. 

b. 

Extensive coverage of  technologica l  areas. 

Maximum versa t i l i ty  and p roduc t iv i ty  from a comparatively 

small group. 

Minimum p o s s i b i l i t y  t h a t  an i t e m  of new technology would be 

overlooked. 

c .  
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DOCUMENTATION 

FIGURE 1 TECHNOLOGY REVIEW AND ANALYSIS OF NASA DOCUMENTATION 
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4.2 

d .  Constant r e t u r n  flow of documentation and review r e p o r t s  

back t o  NASA (NSL submi t ta l s  t o  NASA were accomplished on a 

weekly b a s i s ) .  

e.  E f f e c t i v e  inventory and logging system af forded  p o s i t i v e  

document c o n t r o l  and comprehensive admin i s t r a t ive  records .  

DOCUMENT SELECTION 

Through experience gained a s  a r e s u l t  of t h e  technology u t i l i -  

c a t i o n  review and a n a l y s i s  of many hundreds of NASA documents, some 

~ 
c r i t e r i a  have evolved r e l a t i v e  t o  the s e l e c t i o n  process  used i n  ob- 

t a i n i n g  documents f o r  review. These c r i t e r i a  can be s t a t e d  as fol lows:  

a .  Review c o n t r a c t  w ~ r k  s ta tements  o r  b r i e f s  i n  order  t o  

determine t h e  bas i c  objec t ives  of a c o n t r a c t ;  t h e  r e p o r t s  

from which are t o  undergo a Technology U t i l i z a t i o n  review. 

One should c l e a r l y  keep i n  mind t h e s e  ob jec t ives  and have 

some regard  f o r  va r ious  s t a t e s - o f - t h e - a r t  which must be 

advanced dur ing  the performance of  t h e  c o n t r a c t .  

b. Review the  a b s t r a c t  of a t echn ica l  r e p o r t  t o  ob ta in  a summary 

s ta tement  of what is contained i n  t h e  r e p o r t .  This  o f t e n  

leads  t o  continued reading  through the  in t roduc to ry  para-  

graphs i n  order  t o  d e r i v e  a b e t t e r  understanding of t h e  

r e p o r t  conten ts .  

c .  Review t h e  t a b l e  of contents  and select a chap te r  o r  po r t ion  

t o  b r i e f l y  scan. For example, i f  a given document is  a 

progress  r e p o r t  i n  connection wi th  a l a r g e  rocke t  program, 

one would poss ib ly  scan chapters  regard ing  c o n t r o l  systems, 

s e a l a n t s ,  va lves ,  e l e c t r i c a l  conversion equipment, e t c . ,  

s i n c e  those  a r e a s  a r e  known t o  have r e sea rch  and development 

impl ica t ions  i n  a d d i t i o n  t o  f avorab le  technology u t i l i z a t i o n  

a p p l i c a b i l i t y .  
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d. Explore documentation r e s u l t i n g  from NASA Research Grants i n  

the  same manner as con t r ac t  t e c h n i c a l  o r  progress  r e p o r t s .  

Although it  has been s t a t e d  t h a t  few NASA gran t s  conta in  t h e  

technology u t i l i z a t i o n  clause, these  g ran t s  o f t e n  r ep resen t  

pure r e sea rch  i n  areas highly s i g n i f i c a n t  t o  technology 

u t i l i z a t i o n  ob jec t ives .  

e. Progress  r e p o r t s  from l a rge  programs such as Sa turn ,  RIFT, 

5-2 Engine, e t c . ,  seldom conta in  d i r e c t  r e fe rence  t o  i t e m s  

of new technology. 

wi th  f a b r i c a t i o n  and t e s t i n g  i n  accordance with an  e s t a b l i s h -  

ed schedule;  however, i n d i r e c t  r e fe rences  t o  i t e m s  which may 

c o n s t i t u t e  new technology a r e  o f t e n  noted. For example, a 

progress  r e p o r t  may s t a t e  t h a t  a method w a s  developed t o  

prevent  f u r t h e r  occurrences of a f a i l u r e ,  l eak ,  malfunct ion,  

e t c . ,  but w i l l  no t  s ta te  t h e  na tu re  of t h e  developed method. 

This  o f t e n  l eads  a knowledgeable reviewer t o  reason  t h a t  

some innovat ion had taken  p lace  i n  order  t o  r e s o l v e  a des- 

c r ibed  problem. The NSL Team has  repor ted  such ins tances  t o  

NASA a s  a p a r t  of t he  normal Task 2 review e f f o r t .  

These r e p o r t s  are p r imar i ly  concerned 
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SECTION 5 

TECHNOLOGY UTILIZATION PROGRAM RESULTS 

5 .1  INDUSTRIAL APPLICATIONS FLASH SHEETS 

5 .1 .1  General 

A t o t a l  of 61 I n d u s t r i a l  Applicat ions F lash  Sheets  d r a f t s  were 

prepared and submitted t o  NASA under t h e  NSL Technology U t i l i z a t i o n  

Program exclus ive  of t h e  e i g h t  i n d u s t r i a l  a p p l i c a t i o n s  recommendations 

r e s u l t i n g  from t h e  Ranger Block I11 Study. 

These F lash  Sheet d r a f t s  a r e  c u r r e n t l y  being processed by NASA 

prepara tory  t o  NASA Headquarters dec i s ion  f o r  conversion t o  NASA Tech 

B r i e f s  or o t h e r  forms of disseminat ion.  

has  been completed, a high percentage has  been se l ec t ed  f o r  p u b l i c a t i o n  

and d isseminat ion  as NASA Tech Br ie fs .  

Of those  f o r  which process ing  

5 . 2  FLASH SHEETS OF POTENTIALLY GREATER PUBLIC SIGNIFICANCE 

While i t  has  been ind ica t ed  t h a t  most of t he  material  contained 

i n  t h e  f l a s h  s h e e t s  generated by NSL under t h i s  program w i l l  be 

exped i t ious ly  disseminated by NASA t o  American indus t ry  and bus iness  , 
thereby proving t h e  e f f e c t i v e n e s s  o f  the  NSL approach and concept ,  

Northrop cons iders  t h a t  t h e  innovations descr ibed  on some f l a s h  shee t s  

a r e  of p o t e n t i a l  v i t a l  importance t o  the  n a t i o n ;  and as such,  warrant  

i nd iv idua l  d i scuss ion  i n  t h i s  r e p o r t .  Recommendations a r e  included.  
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5.3 EXPERIMENTAL STUDIES FOR THE DETECTION OF PROTEIN ( W O O  F l a sh  

Sheet Number pending) 

The t echn ica l  r e p o r t  "Experimental S tud ie s  f o r  t h e  Detec t ion  

of P r o t e i n  i n  Trace Amounts" by D r .  R. E .  Kay reveals a method f o r  

t h e  a n a l y s i s  of b i o l o g i c a l  macromolecules by means of a dibenzo- 

thiacarbocyanine dye. 

f a c t o r s  a f f e c t i n g  t h e  dye-macromolecule i n t e r a c t i o n  and a survey of 

compounds t h a t  form a dye-complex. 

an  extremely s e n s i t i v e  d e t e c t o r  of  c e r t a i n  types of molecules,  but 

a l s o  provides  information on t h e  molecular s t r u c t u r e  based on t h e  

absorp t ion  maxima of t h e  complex. 

I n  a d d i t i o n ,  the  r e p o r t  d e a l s  wi th  some of t h e  

The dye-complex a f f o r d s  no t  only 

I n  view of t h e  d i s t i n c t i v e  f e a t u r e s  of t h i s  dye,  t h e  a p p l i c a t i o n  

of t h i s  method f o r  t h e  measurement of s p e c i f i c  compounds i n  t h e  f i e l d s  

of  b i o l o g i c a l  and medical r e sea rch  is o f  primary importance. The 

d e t e c t i o n  of t r a c e  amounts of such macromolecule dye complexes by 

spectrophotometry p r e s e n t s  a p o s s i b i l i t y  of a new method of  d e t e c t i n g  

abnormal blood, serum, t i s s u e  f l u i d  and t i s s u e  changes which may 

become a method of l abora to ry  d iagnos is  of d i s e a s e  and perhaps a 

method of d e t e c t i n g  cancerous ce l l s  much ear l ier  than  i s  c u r r e n t l y  

poss ib l e .  For example, an  inc rease  i n  nuc le i c  a c i d s  i n  body f l u i d s  

due t o  t h e  presence of cancer  c e l l s  and t h e i r  metabol ic  products  wi th  

t h e  concomitant i nc rease  i n  nuc lear  s i z e  and degree  of DNA (deoxyri-  

bonucleic  a c i d )  s a t u r a t i o n  may poss ib ly  be recognized e a r l y  by such 

tests. 

Some recommended areas of i nves t iga t ion  f o r  t h e  immediate 

a p p l i c a t i o n  of t h e  thiaocarboycyanine dye technique are l i s t e d  below: 

a .  Quan t i t a t ion  of nuc le i c  ac id  metabol iz ing  enzymes i n  t i s s u e s  

and u r i n e .  

b. Explora t ion  of t h e  d i f f e r e n t i a l  s t a i n i n g  of micro-organisms 

and cel ls .  

c .  Analyses of albumins and g lobul ins  i n  s p i n a l  f l u i d .  
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I 

I 

d .  

e. 

f .  

g -  

The measurement of microproteins  i n  u r i n e  i n  va r ious  d i sease  

states. 

The s t a i n i n g  of p r o t e i n s  f r ac t iona ted  by paper o r  c e l l u l o s e  

acetate e l ec t rophores i s  for  subsequent q u a n t i t a t i o n .  

Methods of d e t e c t i o n  and measurement of nuc le i c  a c i d s ,  pro- 

t e i n s  o r  polysaccharides  tha t  have been f r a c t i o n a t e d  by 

chromatographic techniques.  

A method f o r  measuring growth of micro-organisms under 

v a r i a b l e  environments. 

The approach t o  the  development o f  methods f o r  t he  q u a l i t a t i v e  

and q u a n t i t a t i v e  a n a l y s i s  of compounds w i l l  e n t a i l  a combined e f f o r t  

involving both bas i c  and appl ied  research .  The d e f i n i t i o n  of t h e  

v a r i a b l e s  and t h e  experimental  condi t ions  i n  t h e  development of 

accu ra t e ,  reproducib le  and r o u t i n e  t e s t s  f o r  s p e c i f i c  compounds or 

c l a s s e s  of compounds w i l l  r e q u i r e  inves t iga t ions  of t h e  chemistry of 

t he  dye-macromolecule complexes. From these  s t u d i e s ,  s p e c i f i c  tests 

can be devised and app l i ed  a s  d iagnos t ic  tests, as  methods t o  s tudy  

b i o l o g i c a l  processes  o r  i n  c l i n i c a l  i n v e s t i g a t i o n s .  

5 .3 .1  Recommendat ions  

The p o t e n t i a l  magnitude of t h i s  innovat ion cannot be over- 

emphasized. It is  recommended t h a t  NASA i n i t i a t e  immediate a c t i o n  

t o  implement a f e a s i b i l i t y  study for  t h e  exp lo ra t ion  of t h e  u t i l i t y  

of thiacarbocyanine i n  c l i n i c a l  microchemical a n a l y s i s .  S ince  t h i s  

e f f o r t  would be d i r e c t l y  r e l a t e d  t o  t h e  d e t e c t i o n  of abnorma l i t i e s  i n  

a s t r o n a u t s  due t o  r a d i a t i o n ,  d i r e c t  sponsoring by NASA may be  

appropr ia t e. 

I f  d i r e c t  sponsorship by NASA is not  considered a p p r o p r i a t e ,  it 

is  recommended t h a t  NASA work through o the r  government agencies  t o  

implement the  expedi t ious  e x p l o i t a t i o n  of t h i s  d i scovery .  
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5.4 BIOCHEMICAL BATTERY FOR USE AS A MEDICAL DIAGNOSTIC T03L - 
(WOO Flash  Sheet Number Pending). 

Th i s  f l a s h  shee t  w a s  prepared as  a r e s u l t  of a t tendance  of t h e  

NSL Technology U t i l i z a t i o n  t e a m  a t  the NASA/UCLA Technology U t i l i -  

z a t i o n  Symposium (Reference Appendix C ,  Workshop E .  ) 

w a s  conducting r e sea rch  t o  determine i f  measureable amounts of e lec t r i -  

The c o n t r a c t o r  

. c a l  energy from a biochemical c e l l  ( b a c t e r i a l  a c t i o n )  could  be used 

i n  connection w i t h  the d e t e c t i o n  of extraterrestr ia l  l i f e .  

The dev ice  used w a s  descr ibed  as a con ta ine r  s epa ra t ed  i n t o  ha lves  

by a membrane. One s e c t i o n  of t h e  device conta ined  s e l e c t e d  b a c t e r i a  

i n  a s u i t a b l e  c u l t u r e  media while the  o t h e r  s i d e  contained an e l e c t r o -  

l y t e .  The p resen t  o r  e x h i b i t t e d  c h a r t s  d e s c r i b i n g  progress  i n  terms 

of measureable e lec t r ica l  ene rg ie s .  

b a c t e r i a  used f o r  most of t h e s e  experiments w a s  E. c o l i .  A t  t h e  c l o s e  

of t h e  p r e s e n t a t i o n ,  a Northrop r e p r e s e n t a t i v e  questioned t h e  speaker 

r ega rd ing  t h e  u s e  of E. c o l i  f o r  t h i s  purpose,  and i f  o t h e r  form of 

b a c t e r i a  l i f e  produced d i f f e r e n t  e l e c t r i c a l  energy c h a r a c t e r i s t i c s .  

The p r e s e n t e r  r e p l i e d  i n  t h e  a f f i rma t ive .  

It was observed t h a t  t h e  type o f  

The Northrop Technology U t i l i z a t i o n  Team b e l i e v e s  t h a t  t h e  

r e sea rch  a c t i v i t y  descr ibed  by t h e  con t r ac to r  may form t h e  b a s i s  f o r  

a va luab le  d i agnos t i c  t o o l  i n  the  p r a c t i c e  of medicine. 

The impl i ca t ions  w e r e  summarized as fo l lows:  

a.  P resen t  methodsused t o  i d e n t i f y  b a c t e r i a l  agen t s  i n  t h e  

d i agnos i s  of d i s e a s e  usua l ly  r e q u i r e  a s m e a r  and c u l t u r e  

procedure which may t ake  up t o  seventy-two (72)  hours.  This  

amount of t i m e  is excess ive  i n  t h e  case of fu lmina t ing  d i s e a s e s  

such as ,  men ing i t i s ,  t e t anus ,  o r  d i p t h e r i a  because h e r o i c  

t rea tment  of t h e  p a t i e n t  must be s t a r t e d  immediately. This 

h a s  compelled doc to r s  t o  employ a "shot gun" approach, 

admin i s t e r ing  massive doses of combinations of a n t i b i o t i c s  

i n  t h e  hope t h a t  one of them may be e f f e c t i v e  a g a i n s t  t h e  

causa t ive  u n i d e n t i f i e d  d i s e a s e  agent .  
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b. It appeared p o s s i b l e  t h a t  the biochemical b a t t e r y  could be 

used i n  reverse f o r  t h e  purpose of making quick  and p o s i t i v e  

i d e n t i f i c a t i o n  of b a c t e r i a l  agents  by t h e  r eco rd ing  of 

v o l t a g e  o r  c u r r e n t  curves as produced by va r ious  b a c t e r i a .  

It m y  be p o s s i b l e  t h a t  a b a c t e r i a  o r  group of b a c t e r i a  

would produce c h a r a c t e r i s t i c  measureable c u r r e n t s  which would 

r e a d i l y  i d e n t i f y  t h a t  p a r t i c u l a r  b a c t e r i a  o r  group. 

c .  The biochemical b a t t e r y  may a l s o  be u s e f u l  t o  quick ly  d e t e r -  

mine which a n t i b i o t i c  agent is most e f f e c t i v e  a g a i n s t  a 

c e r t a i n  unknown b a c t e r i a .  

innocula t ing  t h e  c e l l  wi th  a sample of t h e  suspec t  b a c t e r i a l  

agent from a d iseased  person i n t o  the  b a t t e r y ,  observing t h e  

r i se  o f  an  e l e c t r i c a l  energy p a t t e r n  u s i n g  an e l e c t r o g r a p h i c  

r eco rde r ,  and then adding a s e l e c t e d  a n t i b i o t i c  t o  t h e  

c u l t u r e .  The r e s u l t a n t  d e c l i n e  i n  energy r ead ing  o r  p a t t e r n  

change t h e r e f o r e  might s e rve  a s  an  i n d i c a t i o n  of t h e  speed 

and e f f e c t i v e n e s s  of t h e  s e l e c t e d  a n t i b i o t i c .  

This might be accomplished by 

d .  It appeared p o s s i b l e  t h a t  t h e  f a s t  i d e n t i f i c a t i o n  of b a c t e r i a  

by use  of t h e  biochemical b a t t e r y  may be extended t o  inc lude  

o the r  micro-organisms such a s ;  R i c k e t t s i a ,  PPLO, v i r u s e s ,  

fung i ,  p ro tozoa ,  and o t h e r  pathogens. Upon r e c e i p t  of t h e  

s u b j e c t  f l a s h  s h e e t  from NSL, t h e  NASA-WOO Technology U t i l i -  

z a t i o n  O f f i c e r  scheduled a meeting wi th  NSL Technology 

U t i l i z a t i o n  r e p r e s e n t a t i v e s  and t h e  a p p l i c a b l e  c o n t r a c t o r  t o  

e s t a b l i s h  the  f e a s i b i l i t y  of t h e  concept.  The c o n t r a c t o r  

concurred wi th  t h e  t r a n s l a t i o n .  

It is  recommended t h a t  NASA t a k e  prompt a c t i o n  t o  a s s u r e  t h a t  

appropr i a t e  and o b j e c t i v e  research  i s  undertaken s p e c i f i c a l l y  

toward t h e  use  of t he  biochemical b a t t e r y  as a medical t o o l .  
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5.5 SOLAR CELL TECHNOLOGY 

Innovations which a r e  descr ibed i n  the  following f i v e  f l a s h  shee t s  

a r e  being d iscussed  under one general  heading because they are i n t e r r e l a t e d ,  

developed by t h e  same c o t r a c t o r  and have r e l a t i v e l y  equal  technology u t i l -  

i z a t i o n  app l i ca t ion .  These innovat ions were not repor ted  i n  one b a s i c  f l a s h  

shee t  because t h e  invent ion  d i s c l o s u r e s ,  from which t h e  information came, 

were obtained a t  va r ious  t i m e s  and reviewed over a per iod of f i v e  months. 

a .  Technique f o r  the Growth of S i n g l e  C r y s t a l  Films on Foreign 

Subs t r a t e s .  (WOO S e r i a l  No. -076) (Case No. 1841) 

This  f l a s h  shee t  r e su l t ed  from a review of a n  invent ion  

d i s c l o s u r e  desc r ib ing  a technique t o  provide f o r  t he  growth 

of s i n g l e  c r y s t a l l i n e  semi-conductor f i lms  on a s u b s t r a t e .  

The f i lm  ma te r i a l  i n  t h i s  case w a s  germanium and t h e  base 

m a t e r i a l  was molybdenum. The germanium f i l m  i s  evaporated 

onto a molybdenum shee t  and t h e  temperature i s  increased  so 

t h a t  t he  germanium i s  al loyed i n t o  t h e  molybdenum below t h e  

molybdenum mel t ing  p o i n t .  A second germanium evaporat ion is 

then a l loyed ,  but  a t  a somewhat lower termperature .  F i n a l l y  

a germanium l aye r  i s  evaporated onto the  a l l o y  which can be 

melted without apprec iab ly  r e a c t i n g  with t h e  a l l o y .  Thus, 

t h e  germanium f i l m  can  be melted and r e c r y s t a l l i z e d  i n t o  

s i n g l e  o r  l a r g e  c r y s t a l l i n e  f i l m  by e s t a b l i s h e d  techniques.  

The descr ibed  technique could t h e r e f o r e  be used i n  t h e  

development of l a r g e  area s o l a r  c e l l s .  

b. Fab r i ca t ion  Technique - Large Area So la r  C e l l s  (WOO S e r i a l  

No.  -099)  (Case N o .  1964) 

This  f l a s h  shee t  was generated as  a r e s u l t  of a review 

of a n  invent ion  d i s c l o s u r e  and d e s c r i b e s  a method of mounting 

a s i n g l e  l a y e r  o f  semiconductor p a r t i c l e s  i n  a form s u i t a b l e  

f o r  making s o l a r  o r  e lectro- luminescence c e l l s .  The s i g n i -  

f i cance  of t h i s  innovat ion is t h r e e  f o l d ;  one,  a r educ t ion  
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i n  t he  f a b r i c a t i o n  c o s t  of the  c e l l  i t s e l f  and two, by us ing  

l a r g e r  c e l l s ,  a r educ t ion  i n  assembly t i m e  and t h r e e ,  by 

reducing t h e  number of p a r t s  and connections i n  t h e  panel a 

g r e a t e r  e f f i c i e n c y  and r e l i a b i l i t y  can  be obta ined .  

c. Vapor Depos i t ion  of GaAs Films t o  P o l y c r y s t a l l i n e  Manganese. 

(WOO S e r i a l  N o .  -105) (Case N o .  1328) 

The invent ion  d i sc losu re  d iscussed  on t h i s  f l a s h  s h e e t  

d e s c r i b e s  a method of vapor d e p o s i t i n g  c r y s t a l l i n e  f i l m s  of 

G a A s  on s u i t a b l e  s u b s t r a t e s .  Thin evaporated manganese 

l a y e r s ,  i n  t h i s  case, provide t h e  s u i t a b l e  s u b s t r a t e .  GaAs 

f i lms  grown t o  such s u b s t r a t e s  have been found t o  be compara- 

b l e  t o  those  depos i ted  on evaporated germanium. The t echn i -  

que descr ibed  i n  t h e  invent ion  d i s c l o s u r e  has  been success- 

f u l l y  used t o  produce l a r g e  a r e a ,  t h i n ,  continuous f i l m s  of 

P-type GaAs. 

d. Cont ro l  of Doping ( i n  semi-conductors) by S ide  Reactions.  
(WOO S e r i a l  No. 111) (Case No. 1961) 

The invent ion  d i s c l o s u r e  which generated t h i s  f l a s h  

shee t  i s  d i r e c t l y  r e l a t e d  t o  t h e  growth o r  depos i t i on  o f  

s i n g l e  l a y e r  c r y s t a l l i n e  fi lms on a s u b s t r a t e  and i l l u s t r a t e s  

a method of c o n t r o l l i n g  the  doping of semiconductor c r y s t a l s  

which a r e  grown by t r anspor t  r e a c t i o n s .  An ex tens ion  of 

t he  techniques desc r ibed ,  has t h e  advantage i n  t h a t  a s e m i -  

conductor depos i t  can have i t s  conduc t iv i ty  type  changed o r  

programmed without s topping  t h e  c r y s t a l  growth process  so  

t h a t  t h e  N 6 9  l a y e r s  a r e  e p i t a x i a l  wi th  r e s p e c t  t o  each o the r .  

e.  A Method o f  Reducing Leakage i n  P o l y c r y s t a l l i n e  J u n c t i o n  

Devices (WOO S e r i a l  No. 110) (Case No. 1957) 

The f l a s h  shee t  generated from t h i s  i nven t ion  d i s c l o s u r e  

d e s c r i b e s  a method of i n t e rpos ing  i n s u l a t i n g  elements i n t o  

p a t h s  where excess ive  cu r ren t s  flow i n  p o l y c r y s t a l l i n e  

junc t ion  dev ices ,  by evaporating on a semi-conductor l a y e r ,  a 
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metal layerl where t h e  metal  l aye r  w i l l  form a r e c t i f y i n g  

b a r r i e r  with s i n g l e  c r y s t a l s  of t h e  semi-conductor and t h e  

metal  l aye r  can be converted t o  a continuous i n s u l a t i n g  

l aye r  by anodic oxida t ion .  

improve t h e  r e c t i f i c a t i o n  e f f i c i e n c y  of  p o l y c r y s t a l l i n e  

junc t ion  devices  and would, i n  a l l  p r o b a b i l i t y ,  be app l i cab le  

The process  descr ibed should 

t o  the  f a b r i c a t i o n  of l a rge  a r e a  s o l a r  c e l l s .  

5 . 5 .  I Recommendat ions  

There are many p o t e n t i a l  uses  f o r  economical and e f f i c i e n t  s o l a r  

c e l l  power systems t h a t  y i e l d  1 k i lowat t  o r  more of e l e c t r i c  power. 

The f a b r i c a t i o n  of l a rge  s o l a r  c e l l  a r r a y s ,  however, is  both d i f f i c u l t  

and c o s t l y  p r i n c i p a l l y  because of the small s i ze  of t h e  c e l l s .  The 

methods and techniques descr ibed on the  f l a s h  s h e e t s  noted above may 

r e s o l v e  some of these  problems, which c u r r e n t l y  prec ludes  a wide 

u t i l i z a t i o n  of t h i s  type of power sys t em i n  commercial a p p l i c a t i o n s .  

It is ,  t h e r e f o r e ,  recommended t h a t  NASA, i n  o rde r  t o  promote 

and expedi te  t h e  commercial development of s o l a r  c e l l  power systems, 

cons ider  t h e  p repa ra t ion  and i s s u e  of a Technology Survey on t h e  

s u b j e c t :  "Semi-Conductor S o l a r  Energy Systems." 

5.6 FLASH SHEET DRAFT SUPPLEMENTARY DATA 

During t h e  e a r l y  weeks of t he  NSL Technology U t i l i z a t i o n  e f f o r t ,  

WOO team members held seve ra l  d i scuss ions  with NASA r e p r e s e n t a t i v e s  

from both Headquarters and WOO regarding t h e  p repa ra t ion  of f l a s h  

shee t s .  

p re ted  the  d i scuss ions  as fol lows:  

Although no s p e c i f i c  ground r u l e s  were de r ived ,  NSL i n t e r -  

a .  The I n d u s t r i a l  Appl ica t ions  F la sh  Sheet (NASA Form 6 6 6 )  

would be t h e  method of  communicating de tec t ed  i tems of new 

technology from NSL t o  NASA. 
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b. NSL's primary o b j e c t i v e  w a s  t o  d e t e c t  t h e  ex i s t ence  of new 

technology and r e p o r t  t o  NASA accordingly.  Addi t iona l  re- 

search o r  follow-up a c t i o n s  r equ i r ed  t o  develop a Tech Br ie f  

would be done by o t h e r  agencies  o r  NASA c o n t r a c t o r s .  

During a subsequent Program Sumnary p resen ta t ion ,  NASA Head- 

q u a r t e r s  r e p r e s e n t a t i v e s  ind ica t ed  t h a t  some NSL generated f l a s h  s h e e t s  

d i d  n o t  conta in  s u f f i c i e n t  information t o  f a c i l i t a t e  complete review 

and Tech Brief  prepara t ion .  

have research  o r  follow-up c a p a b i l i t y  requi red  t o  provide complete da t a .  

The fol lowing was determined: 

In  add i t ion ,  NASA Headquarters d id  no t  

a .  

b. 

C .  

Some of t h e  most s i g n i f i c a n t  f l a s h  shee t  i t e m s  have r e s u l t e d  

from t h e  review of a s i n g l e  sunnnary s t a t u s  r e p o r t ,  o f t e n  no 

more than  t e n  t o  f i f t e e n  pages i n  length .  The e x t r a c t i o n  of 

new technology, i n  many cases ,  has been made from a few l i n e s  

o r  a s h o r t  paragraph from such r e p o r t s .  It is  not  always 

p o s s i b l e ,  without  ob ta in ing  a d d i t i o n a l  documents and per -  

forming a d d i t i o n a l  r e sea rch ,  t o  genera te  a f l a s h  shee t  con- 

t a i n i n g  a l l  d a t a  needed f o r  subsequent review a t  v a r i o u s  

government and r e sea rch  i n s t i t u t e  levels.  

It w a s  t h e  p o l i c y  of t h e  WOO Team t o  r eques t  a d d i t i o n a l  

documentation r equ i r ed  i n  order  t o  thoroughly eva lua te  a 

de t ec t ed  i t e m  of new technology. The a v a i l a b i l i t y  of t h e s e  

documents have been l imi t ed  t o  those which can  be found i n  

t h e  l o c a l  WOO Library.  I n  many cases, a d d i t i o n a l  information 

could not  be made a v a i l a b l e  on a t imely  b a s i s .  

It had r a r e l y  been p o s s i b l e  f o r  t h e  NSL Technology U t i l i z a t i o n  

Team t o  make even i n d i r e c t  contac t  with t h e  NASA c o n t r a c t o r  

involved wi th  t h e  new technology. 
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d .  While i t  was very d e s i r a b l e  f o r  t h e  NSL team t o  conduct t he  

i n t e n s i v e  r e sea rch  and follow-up which would f a c i l i t a t e  t h e .  

ampl i f i ca t ion  of f l a s h  shee t s ,  page count reading  requi re -  

ments under t h e  terms of t h e  c u r r e n t  f i xed  p r i c e  c o n t r a c t  

precluded t h i s  e f f o r t .  

Pursuant t o  NSAS Headquarters expressed d e s i r e  f o r  t h e  NSL 

Techzlology U t i l i z a t i o n  Team t o  accomplish the  requi red  ac t ions  r e l a -  

t i v e  t o  providing a d d i t i o n a l  information on f l a s h  s h e e t s ,  i t  i s  

recommended t h a t  NASA implement a f l a s h  shee t  process ing  procedure 

s imi l a r  t o  t h a t  suggested i n  F igu re  2. 

5 .7  TECHNOLOGY UTILIZATION TEAM CONCEPT 

Northrop cons ide r s  t h a t  t h e  e s s e n t i a l  element of a n  e f f e c t i v e  

technology u t i l i z a t i o n  review and a n a l y s i s  program is t h e  h igh  q u a l i t y  

coverage of a l l  t echno log ica l  areas, coupled wi th  e f f i c i e n t  intercom- 

municat ion among personnel  r ep resen t ing  t h e s e  areas. This concept 

is probably t h e  most s i g n i f i c a n t  f a c t o r  which con t r ibu ted  t o  t h e  

success  of NSL's p a r t i c i p a t i o n  w i t h  the NASA Technology U t i l i z a t i o n  

Program. This w a s  e s p e c i a l l y  t r u e  r e l a t i v e  t o  the  ope ra t ion  of t h e  

Technology U t i l i z a t i o n  Appl ica t ions  Committee. While much has been 

w r i t t e n  i n  connection wi th  i d e n t i f i c a t i o n  of new technology, i t  w a s  

o f t e n  c l ea r ly  brought out i n  t h e  committee proceedings t h a t  a p p l i -  

c a t i o n  of new technology i s  a n  i n t e g r a l  p a r t  o f  t h e  i d e n t i f i c a t i o n  

process .  I n  many i n s t a n c e s ,  t h e  committee was a b l e  t o  arrive a t  a 

novel  a p p l i c a b i l i t y  of an  element of new technology, which i n  t u r n  

r e s u l t e d  i n  not on ly  expansions on the o r i g i n a l  i d e n t i f i c a t i o n ,  but i n  

a d d i t i o n a l  i d e n t i f i c a t i o n  of o t h e r  i t e m s  of new technology. Such 

ex tens ive  c r o s s  f e r t i l i z a t i o n  of ideas  by i n t e r d i s c i p l i n a r y  team a c t i o n  

i s  considered t o  be a b a s i c  requirement t o  an e f f e c t i v e  t r ans fo rma t ion  

process .  

Some a d d i t i o n a l  f a c t o r s  appear t o  have con t r ibu ted  t o  t h e  team 

concept opera t ion .  One w a s  t h e  s e l e c t i o n  of a n  o f f i c e  f a c i l i t y  i n  

c l o s e  proximity t o  NASA-WOO which af forded  a c l o s e l y  k n i t  communi- 

c a t i v e  atmosphere, f r e e  from d i s t r a c t i o n s ,  and prompt a c c e s s  t o  t h e  
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NASA-WOO Technology U t i l i z a t i o n  Of f i ce r  and t h e  Technical Library.  

It is  a l s o  apparent t h a t  an  advantage w a s  r e a l i z e d  through having both 

t h e  WOO and JPL Technology U t i l i z a t i o n  teams placed i n  ad jacen t  

q u a r t e r s .  The mutual support derived by each t e a m  had t h e  e f f e c t  of 

ex tending  t h e  depth of t e c h n i c a l  knowledge without reducing  t h e  

p r o d u c t i v i t y  of e i t h e r  t e a m .  

It is  recommended t h a t  a team concept be employed by NASA i n  its 

Technology U t i l i z a t i o n  Program a c t i v i t i e s  wherever p r a c t i c a b l e .  

5.8  SYSTEMS APPROACH 

A p o r t i o n  of t h e  c u r r e n t  NSL Technology U t i l i z a t i o n  e f f o r t  was  

devoted t o  a s tudy  t o  determine the most a p p r o p r i a t e  s u b j e c t  ma t t e r  

f o r  d i sseminat ion  through t h e  medium of Technology U t i l i z a t i o n  Work- 

shops,  (Task m).  The s tudy  r e s u l t e d  i n  conclus ions  d i r e c t l y  res- 

ponsive t o  t h e  requirement,  and i n  doing so ,  brought f o r t h  a phi loso-  

phy which would seek  t o  f i r s t  determine t h e  p u b l i c  o r  i n d u s t r i a l  need 

f o r  advances o r  improvements i n  urban l i v i n g  cond i t ions ,  and then  

a t tempt  t o  f i t  t echno log ica l  innovations o r  advances from t h e  space 

programs t o  those  p a r t i c u l a r  needs. C r i t i c a l  a s p e c t s  connected wi th  

everyday modern l i v i n g  were po in ted  out i n  such areas as h e a l t h ,  water 

supply and p u r i t y ,  waste d i s p o s a l ,  mass t r a n s p o r t a t i o n ,  e t c . ,  t o  

which t echno log ica l  advances borne of t h e  space programs could p o s s i b l y  

c o n t r i b u t e  o r  a l lev ia te .  This r e s u l t e d  i n  t h e  development of t h e  

concept of a "Systems Approach" t o  Technology U t i l i z a t i o n .  Simply 

s t a t e d ,  t h i s  concept o f f e r s  t h e  suggestion: 

In s t ead  of search ing  f o r  i t e m s  of new technology and 

then  a t t empt ing  t o  f ind  a p p l i c a t i o n s  f o r  them, ana- 

l yze  p u b l i c  problem a r e a s  t o  determine needs and then  

f i t  va r ious  space space program t echno log ica l  advances 

t o  those  needs. 
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This  concept w a s  a l s o  of fe red  by a p a r t i c i p a n t  on t he  pane l  of a 

round t a b l e  d i scuss ion  on the  disseminat ion and use  of new technology 

a t  t h e  NASA/USCL Technology U t i l i z a t i o n  Symposium, 2 June 1964. 

I n  response t o  these  sugges t ions ,  t h e  NASA-WOO Technology U t i l i -  

z a t i o n  Of f i ce r  i n i t i a t e d  with the  NSL Technology U t i l i z a t i o n  t e a m ,  a 

schedule  of t h r e e  meetings pe r  week of an  I n t e r d i s c i p l i n a r y  C o m i t t e e  

whose o b j e c t i v e  it  w a s  t o  seek out and analyze t h e  c r i t i c a l  areas 

wi th in  urban l i v i n g  and t o  match them with cu r ren t  o r  completed re- 

search  and development e f f o r t s  connected wi th  t h e  space programs. 

Although t h e  I n t e r d i s c i p l i n a r y  Committee w a s  i n  being only a few weeks, 

r e s u l t s  were encouraging. 

It is  be l ieved  t h a t  t h i s  a c t i v i t y  could be extended t o  inc lude  

i n t e n s i v e  research  i n t o  a r e a s  which, from t h e  r e s u l t s  of pre l iminary  

i n v e s t i g a t i o n s ,  appear t o  show promise of s i g n i f i c a n t  Technology 

U t i l i z a t i o n  a p p l i c a t i o n .  This  would inc lude  ana lyses  of space program 

resea rch  p r o j e c t s  a t  o r  near  t h e i r  incept ion  t o  determine t h e i r  po- 

t e n t i a l  f o r  product ing t echno log ica l  advances p rev ious ly  i d e n t i f i e d  

as being needed t o  r e so lve  o r  a l l e v i a t e  a cond i t ion  of wide pub l i c  

concern.  

U t i l i z a t i o n  t o  c l o s e l y  monitor t h e  progress  of s e l e c t e d  programs and 

t o  begin t h e  t ransformat ion  o r  disseminat ion process  immediately a f t e r  

t h e  Technology U t i l i z a t i o n  p o t e n t i a l  ob jec t ives  had been m e t .  

Such ana lyses  would a l low the NASA Of f i ce  of Technology 

5 .9  APPLICATION OF THE TECHNOLOGY UTILIZATION CLAUSE 

NSL's experience with t h e  NASA Technology U t i l i z a t i o n  Program 

sugges ts  t h a t  t h e  implementation of  some a c t i o n s  and requirements  a t  

t h e  o u t s e t  of a space p r o j e c t  could serve t o  s i g n i f i c a n t l y  inc rease  

t h e  e f f e c t i v e n e s s  of new technology ana lys i s  programs, and wi th  less 

d e t a i l e d  review by NASA o r  TU c o n t r a c t o r s ,  of c o n t r a c t o r  r e p o r t s  and 

documentation. 

Technology U t i l i z a t i o n  a spec t s  of a space p r o j e c t  through a more 

s e l e c t i v e  a p p l i c a t i o n  of t h e  Technology U t i l i z a t i o n  c l ause .  

This  could be accomplished by p l ac ing  emphasis on t h e  

I 
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5.9.1 Recommendations 

a .  Analyze p recon t rac t  work s ta tements  t o  a s c e r t a i n  t h e  ex ten t  

t o  which t h e  Technology U t i l i z a t i o n  c l a u s e  should be app l i ed .  

This  a n a l y s i s  would be based upon t h e  amount of new develop- 

ment involved i n  r e l a t i o n  t o  gu ide l ine  c r i t e r i a  r e l a t i v e  t o  

areas of Technology U t i l i z a t i o n  a p p l i c a t i o n .  

b. Require prospec t ive  con t r ac to r s  t o  submit Technology U t i l i -  

z a t i o n  Program Plans wi th  t h e i r  p roposa ls .  The p l an  would 

i n d i c a t e  areas where new technology might develop and methods, 

schedules ,  e t c . ,  t o  be used i n  determining and r e p o r t i n g  

innovat ions.  

c.  I n d i c a t e  t o  prospec t ive  con t r ac to r s  t h a t  t h e  Technology U t i l i -  

z a t i o n  Program Plan w i l l  be eva lua ted  as a p a r t  of a proposal  

and w i l l  be  a f a c t o r  i n  making t h e  award. 

d. Furnish c o n t r a c t o r s  wi th  bas ic  c r i te r ia  re la t ive  t o  t h e  

accomplishment of an e f f e c t i v e  Technology U t i l i z a t i o n  re- 

search  and r e p o r t i n g  program. 

5 . 1 0  NASA-WOO LIBRARY 

A r e c e n t  survey of t h e  NASA-WOO Technical  Library  ind ica t ed  t h a t  

t h e r e  were 5167 c o n t r a c t o r  r e p o r t s  and 1135 grant  r e p o r t s  on hand. In  

a d d i t i o n ,  of t h e  264 c o n t r a c t s  under WOO cognizance having r e p o r t  re- 

quirements ,  one t h i r d  (88) r e q u i r e  monthly r e p o r t s ,  one t h i r d  r e q u i r e  

monthly and q u a r t e r l y  r e p o r t s ,  and one t h i r d  r e q u i r e  q u a r t e r l y  r e p o r t s .  

These requirements  r e s u l t  i n  t h e  r e c e i p t  by WOO of  c o n t r a c t o r  t e c h n i c a l  

progress  r e p o r t s  a t  t h e  average rate of 205 p e r  month. 

inc lude  the  r e c e i p t  of r e p o r t s  r e s u l t i n g  from NASA r e sea rch  g ran t s .  

This  does not 

It i s  recommended t h a t  Technology U t i l i z a t i o n  review emphasis be 

maintained on NASA c o n t r a c t  documentation t o  inc lude  r e p o r t s ,  re- 

s u l t i n g  from NASA g r a n t s .  
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5.11 TECENOLOGY 'JTILIZATION SYMPOSIA 

Under t h e  terms of Task 4 of t h e  c o n t r a c t ,  as  amended, t he  NSL 

Technology U t i l i z a t i o n  Team at tended t h e  NASA/UCLA Technology U t i l i -  

z a t i o n  Symposium on 2 June 1964, for  t h e  purpose of  reviewing t h e  

o v e r a l l  a c t i v i t y  and p repa r ing  a c r i t i q u e  covering t h e  event .  

Appendix C.) Subsequently,  the NSL Team reviewed, under t h e  pro- 

v i s i o n s  of Task 2 ,  t he  accounts  of the  symposium proceedings and 

p r e s e n t a t i o n s  r e l a t i v e  t o  t h e  symposium. Reports covering t h e  reviews 

of Task 2 were submitted t o  NASA. 

(See 

I n  a d d i t i o n  t o  t h e  conclusions and recommendations o f f e red  i n  

t h e  NSL r e p o r t  covering t h e  conduct of t h e  symposium (Appendix C ) ,  it 

is recommended t h a t  NASA cons ider  t h e  u se  of a n  experienced c o n t r a c t o r  

a c t i v i t y ,  such as t h e  NSL Technology U t i l i z a t i o n  Team, t o  support  t h e  

p r e p a r a t i o n  , coord ina t ion  , and conduct o f  f u t u r e  symposia. 
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